O bsessive-compulsive disorder (OCD) is characterized by repetitive and intrusive thoughts and behaviors that cause clinically significant distress or impairment.
tors and cognitive behavioral therapy. These patients are potential candidates for neurosurgical intervention.
The advent of stereotaxy in the mid-20th century led to the development of precise and reproducible lesion procedures for psychiatric indications, including dorsal anterior cingulotomy and anterior capsulotomy. 3, 18, 22 The mechanism of action for both of these procedures is typically framed in relation to aberrancies in the affective corticobasal ganglia-thalamocortical (CBTC) circuit. 1, 5 Dorsal anterior cingulotomy, a lesion in the dorsal anterior cingulate cortex (dACC) and cingulum bundle, disrupts bidirectional signaling between the dACC and the orbitofrontal cortex (OFC), ventral striatum, and limbic structures. Anterior capsulotomy, which targets the anterior limb of the internal capsule, is thought to disrupt communication among the OFC, dACC, ventral striatum, and thalamus.
Independent bodies of evidence support the efficacy of cingulotomy and capsulotomy in the management of treatment-refractory OCD. However, we are aware of only 2 studies that directly compared the 2 procedures, and the most recent was conducted in 1982. 9, 17 Given the potential benefit of neuromodulatory procedures for intractable psychiatric and neurological disorders, it is critical to understand the evidence supporting these procedures, as well as their adverse effect profiles.
The primary objective of this study was to evaluate and compare the clinical efficacy and adverse effect profiles of dorsal anterior cingulotomy and anterior capsulotomy for the treatment of severe, refractory OCD. This systematic review was conducted in compliance with the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 24 as well as the Agency for Healthcare Research and Quality (AHRQ) recommendations (www.effectivehealthcare.ahrq.gov) for comparative effectiveness reviews, where appropriate.
methods literature search strategy and data sources
The following electronic databases were searched for primary studies through October 2013: MEDLINE, PubMed, PsycINFO, Scopus, and Web of Knowledge. The search strategy used index terms, such as Medical Subject Headings (MeSH), and key words, as applicable. There were no language restrictions. Conference proceedings were included. Table 1 provides a representative example of the database search strategy implemented in MED-LINE.
In an effort to reduce publication bias, gray literature (for example, unpublished data) was obtained by searching clinical trial registries including ClinicalTrials.gov, National Research Register, and metaRegister of Controlled Trials. Additional information was gathered by hand searching bibliographies from selected papers as well as collections of articles known to the study authors.
eligibility criteria

Study Selection
The search results were compiled, and duplicate citations were deleted. One reviewer assessed the titles and abstracts of these studies for potential relevance. Full text articles were identified for the potentially relevant citations. These articles were examined, and study eligibility was determined in an unblinded fashion. Only papers with the most current follow-up data for each group of investigators were included. Case studies were excluded from review. All other study designs were considered for inclusion. Selection criteria are summarized in Table 2 .
Participants
The target study population constituted adults (age ≥ 18 years old) with severe, refractory OCD and no history of surgery for a psychiatric indication. We excluded studies with patients whose history included psychiatric neurosurgery to reduce the risk of attributing clinical outcome to the cumulative effect of multiple surgeries. However, many of the studies meeting all other selection criteria included results from 1 or more patients who had undergone repeat surgery. Fortunately, many of these studies provided individual patient results, allowing for the exclusion of participants who had undergone more than 1 procedure. Individual participants were included if both of the following criteria were met: 1) the second procedure was a reoperation of the same type as the first (for example, cingulotomy followed by cingulotomy was included, whereas cingulotomy followed by subcaudate tractotomy was excluded); and 2) reoperation took place within a few months of the initial procedure because of the insufficiency of the first procedure, as indicated by postoperative neuroimaging or clinical assessment.
Studies that did not provide sufficient detail to exclude individual participants were selected if they met the following conditions: 1) less than a quarter of the participants underwent a second procedure; 2) the second procedure was a reoperation of the same type as the first (as explained above); and 3) reoperation took place within a few months of the initial procedure because of the insufficiency of the first procedure, as indicated by postoperative neuroimaging or clinical assessment.
Interventions
Bilateral cingulotomy and capsulotomy for the primary indication of OCD were the exclusive interventions of interest. Surgical and radiosurgical techniques were included. Stereotactic guidance with MRI was required for inclusion as this technique is most relevant to current practice. Studies that used other methods (that is, CT only or ventriculography) were excluded. Variations in lesion technique with regard to lesion location or radiation dose were noted, although these did not influence study eligibility. Studies comparing the interventions to each other or to placebo, as well as noncomparative studies, were considered for inclusion. Studies combining either procedure of interest with an adjunct lesion procedure were excluded (for example, limbic leucotomy).
Outcomes
The primary outcome was clinical improvement of OCD symptoms, as measured by a change in the YaleBrown Obsessive Compulsive Scale (Y-BOCS) score, 11 after undergoing either capsulotomy or cingulotomy. Secondary outcomes included changes in depression and anxiety rating scale scores and adverse events (AEs), with a separate category for those causing permanent or serious morbidity (for example, hemiplegia, intracranial hemorrhage, seizure disorder, cognitive deficits, personality change, weight gain) or mortality. Studies were excluded for a lack of documentation on primary outcome and for a mean follow-up shorter than 12 months. Depression, anxiety, and AE reporting did not impact study eligibility.
data extraction and data items
Data were obtained from eligible studies using a prespecified electronic data collection form. 12 Collected data included the following: characteristics of study participants, study design and location, definition of treatment-refractory OCD, study eligibility criteria, details of surgical and medical treatment, change in therapeutic regimen during the study period, length of follow-up, method of data collection at each time point, Y-BOCS scores at baseline and available follow-ups, depression and anxiety scores at baseline and subsequent follow-ups, and AEs.
Quality assessment
Risk of bias for the primary efficacy outcome was assessed for each individual study using a study design-specific tool developed by the AHRQ. 31 Assessment of the risk of bias did not play a role in data synthesis.
synthesis of results
The primary outcome was pooled across studies by calculating the weighted mean Y-BOCS score at baseline, 12 months' follow-up, and last follow-up for cingulotomy and capsulotomy groups. The weight was based on the relative proportion of participants from each study that met our inclusion criteria. Adverse event rates were quantified as the percentage of procedures that had complications. Repeat procedures were taken into account. Pooled AEs were calculated using a weighted average within each intervention group. The weight was based on the number of procedures that met inclusion criteria.
results study selection
A total of 1921 references were retrieved from electronic database searches, gray literature, and hand searches. After excluding 654 duplicates, 1267 references were screened for potential eligibility, of which 1167 were excluded. The remaining 100 references underwent full text review (Fig. 1) .
study characteristics
The characteristics of included studies are summarized in Table 3 . Two cingulotomy and 8 capsulotomy studies were included in the review.
Study Design
The majority of included study designs were singlearm prospective cohort observational studies with the following exceptions: 1 retrospective cohort study 26 and 1 prospective controlled cohort study. 6 
Participants
All study participants were adults meeting the criteria for OCD in the Diagnostic and Statistical Manual of Mental Disorders. The studies included a total of 193 participants-81 who underwent cingulotomy and 112 who underwent capsulotomy. Most of the studies required treatment refractoriness as part of the inclusion criteria. 6, 7, 19, 21, 25, 26, 28, 29 One cingulotomy study 14 and 4 capsulotomy studies 15, 19, 21, 28 specified exclusion criteria in the participant selection process. Only 5 studies, all capsulotomy studies, 7, 19, 21, 26, 28 reported on the prevalence of psychiatric comorbidities.
Interventions
Surgical techniques included both open and radiosurgical methods. Each study reported unique parameters for temperature or radiation dose, number of lesion isocenters, or tracks per side. Rück et al. is notable among the stereotactic radiosurgery capsulotomy studies for using the largest radiation dose and number of isocenters. 26 Three capsulotomy studies pooled data from patients who had undergone reoperation with those who had undergone a single procedure, 7, 19, 25 and 1 study included 1 patient with a history of deep brain stimulation (DBS) for OCD. 26 The majority of studies did not report co-interventions or ad- dress potential therapeutic confounders, such as a change in medication regimen at the time of intervention. One study withdrew all anti-OCD medications at the time of capsulotomy, 19 and another enrolled participants in an intensive rehabilitation program consisting of pharmacoand psychotherapy after surgery. 6 
Outcomes
Each study quantified OCD symptom severity using the Y-BOCS before and after the procedure and at the long-term follow-up. Nearly all of the studies also provided Y-BOCS data at the 12-month follow-up. 6, 7, 14, 19, 21, 25, 26, 29 Seven studies quantified depression before and after surgery, 6, 14, 19, 21, 25, 26, 29 and 5 studies scored anxiety symptoms. 6, 14, 19, 21, 26 All studies reported AEs. Two capsulotomy groups employed active surveillance of AEs through the use of a standardized inventory.
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Quality assessment
The assessment of risk of bias for the efficacy outcome is summarized in Table 4 .
individual study results
The Y-BOCS-based efficacy results of the individual studies are summarized in Table 5 . Depression and anxiety outcomes are summarized in Table 6 . Adverse events for each study are summarized in Table 7 .
synthesis of results
Given that the majority of studies were observational and noncomparative, we were unable to perform statistical comparisons between or within cingulotomy and capsulotomy groups. However, individual study results were combined within their respective groups where appropriate.
Characteristics of Participants
The average age of participants at the time of surgery was 35.3 ± 10.7 (mean ± standard deviation), 35.0 ± 10.9, and 35.6 ± 10.6 years across all studies, cingulotomy studies, and capsulotomy studies, respectively. The majority of participants were male, comprising 57% of participants across all studies. The average time to the last follow-up was 55 months (range 22-84 months) for all studies, 47 months (range 24-59 months) for cingulotomy, and 60 months (range 22-84 months) for capsulotomy.
Efficacy
The Y-BOCS-based efficacy results of individual studies are summarized in Table 5 . The mean baseline Y-BOCS score was 32.3 (range 30.9-35) in the cingulotomy group and 29.3 (range 21.2-38.2) in the capsulotomy group. These scores fall within the extreme and severe ranges, respectively. The mean reduction in the Y-BOCS score at 12 months' follow-up was 37% (range 36%-37%) for cingulotomy and 55% (range 36%-75%) for capsulotomy. At the last follow-up, the mean reduction in the Y-BOCS score was 37% (range 31%-48%) for cingulotomy and 57% (range 32%-79%) for capsulotomy. In keeping with traditional thresholds used in pharmacology trials, full response was defined as a Y-BOCS score reduction ≥ 35% at the last follow-up, and partial response was defined as a Y-BOCS score reduction ≥ 25% and < 35%. The mean full response rate for cingulotomy at the last follow-up was 41% (range 38%-47%, n = 2 studies, n = 51 participants), and the partial response rate was 25% (n = 1 study, n = 34 participants). For capsulotomy, the mean full response rate at the last follow-up was 54% (range 37%-80%, n = 5 studies, n = 50 participants) and the partial response rate was 18% (range 0%-33%, n = 5 studies, n = 50 participants). Depression and anxiety outcomes for available studies are presented in Table 6 . We were unable to combine results across studies given that the scales used to assess depression and anxiety differed between studies.
Adverse Events
Adverse events were characterized as the number of events per procedure ( Table 7 ). The rate of transient AEs was 14.3% (range 13.7%-17.6%) across cingulotomy studies (n = 116 procedures) and 56.2% (range 0-260%) across capsulotomy studies (n = 112 procedures). The rate of serious or permanent AEs was 5.2% (range 0-6%) across cingulotomy studies and 21.4% (range 0-66.7%) across capsulotomy studies. It should be noted that the AE rate across cingulotomy studies may be overly elevated as 1 study includes complications from all procedures, including repeat cingulotomy and limbic leucotomy procedures. 27 In addition, nearly all of the serious or permanent AEs reported by Rück et al. are attributable to 3 patients who had received 200 Gy at 3 isocenters, and thus receiving the greatest radiation exposure of all participants in the reviewed studies. 26 Excluding this study from the pooled results nearly halves the rate of serious complications in the capsulotomy group to 12.8% (range 0-40%).
discussion summary of evidence
The reviewed literature supports the assertion that dorsal anterior cingulotomy and anterior capsulotomy are effective interventions in the management of severe, refractory OCD. The pooled mean reduction in baseline Y-BOCS score meets the criteria for treatment response following both capsulotomy and cingulotomy at the 12 months' and the long-term follow-ups. In both intervention groups, the Y-BOCS scores appear to change very little between 12 months and the last follow-up, indicating a stable treatment response over time. More than half of the participants who underwent capsulotomy met the criteria for treatment response at the last follow-up (54%, range 37%-80%) as well as nearly half of those who underwent cingulotomy (41%, range 38%-47%). Both procedures carry the risk of AEs. Capsulotomy was associated with 56.2% transient and/or mild AEs and 21.4% permanent and/or serious AEs. Excluding Rück et al. from the pooled results yields a 12.8% serious complication rate for capsulotomy. 26 Cingulotomy was associated with 14.3% transient and/or mild AEs and 5.2% permanent and/or serious AEs. Lastly, both cingulotomy and capsulotomy appear to be efficacious in addressing comorbid depression and anxiety symptoms, as evidenced by a significant reduction in the respective inventory scores following both procedures. 
study limitations
Overall, the included studies reflect the population, interventions, and outcomes of interest. Treatment refractoriness and disease severity were important population descriptors for the purposes of this review. Nearly all of the included studies satisfied these 2 criteria. Nevertheless, inconsistent comorbidity reporting across studies makes generalization difficult given the significant impact of psychiatric comorbidity, specifically depression, on quality of life measures in OCD. 8, 13 Interinstitutional heterogeneity in surgical technique was evident in both cingulotomy and capsulotomy studies. Variation in radiation dosage, number of radiosurgical isocenters, thermolesion temperature dosage, and lesion location must be taken into account when generalizing to current neurosurgical practice. This heterogeneity is of particular relevance to AEs. Rück et al. illustrate an association between excessive radiation exposure and risk of permanent AEs. 26 In their report, the authors conceded that the dose was too high and probably accounted for the complications observed in those patients. Removing this outlier study from our analysis greatly reduced the AE rate for capsulotomy, thereby highlighting the need for careful consideration of individual technique and event reporting before casting broad generalizations on the safety of either capsulotomy or cingulotomy. Active surveillance of AEs in future studies would facilitate comparison within and across intervention groups.
All included studies used the Y-BOCS to assess symptom severity prior to surgery and at follow-up. The validity and reliability of the Y-BOCS for measuring OCD symptom severity has been well established; however, the relationship between Y-BCOS scores and quality of life measures is less well characterized. A number of studies have found that OCD symptoms have a significant effect on quality of life, but this relationship is not as well established as that between depressive symptoms and quality of life. 10, 13, 16, 30 Fortunately, the reviewed literature supports the role of cingulotomy and capsulotomy in treating comorbid depressive symptoms as well.
A major limitation of this study is its composition of solely observational studies without controls. The nature of these study designs increases the risk of bias due to compromised internal validity (Table 4) . Furthermore, the lack of comparison in the designs of the included studies does not support the direct or indirect comparison of outcomes between cingulotomy and capsulotomy. Controlled trials are necessary to determine the relative efficacy between the 2 procedures. The results of this systematic review must be interpreted within the context of the strengths and weaknesses of the included studies.
Currently, the choice of which lesion procedure to offer is largely based on historic institutional practice. As highlighted in this systematic review, no data support the application of one procedure over the other in terms of efficacy or safety profile. Future studies should strive for homogeneity of technique and careful documentation of OCD subtype and neuropsychological profile. Head-to-head comparisons, even in a blinded fashion potentially, would be ethically feasible given current clinical equipoise. Because the procedures target different regions of the same CBTC circuit, it is quite possible that such comparisons would reveal subtle differences in response, allowing tailoring of recommendations based on individual symptoms.
We did not include DBS studies in this systematic review for a number of reasons. First, a recent article has thoroughly reviewed the literature of DBS for OCD. 4 Whereas that article is not a "systematic review," we believe that the information presented in our current paper can be easily compared with the information presented in that article and that further recapitulation of the same information would be redundant. Second, there is significant heterogeneity in the DBS literature (summarized in Blomstedt et al. 4 ) in terms of study design and reporting. Given the limitations mentioned above within just the lesion literature, we believe that inclusion of the DBS literature would further limit the utility of a systematic review. Third, DBS has been available for a comparably shorter period of time; therefore, the duration of follow-up is less than that for lesions. For example, the last follow-up intervals in the lesion studies included in the present review ranged from 22 to 135 months, whereas those in some of the DBS studies were as short as 3 months.
We also chose not to include subcaudate tractotomy (SCT) and limbic leucotomy (LL) in this systematic review. A dearth of studies report OCD outcomes for SCT and LL in the literature. Search protocols similar to the ones used for cingulotomy and capsulotomy were used to query PubMed for articles published within the past 10 years that reported LL or SCT outcomes for OCD. The initial search yielded 21 articles for SCT and 34 articles for LL, published since January 1, 2003. After applying our study inclusion criteria, only 1 of the articles covering SCT or LL would have been included. Therefore, SCT and LL were not included in the current systematic review.
Despite the limitations of this study, cingulotomy and capsulotomy remain important parts of the neurosurgical armamentarium for the treatment of severe, refractory OCD. These procedures are quite relevant in contemporary practice, as evidenced by the fact that 3 of the 10 studies were published in 2013. Lopes and colleagues recently published the results of a randomized controlled trial of gamma ventral capsulotomy for OCD, the first such study to evaluate lesion outcomes for OCD. 20 This study further supports the modern relevance of lesion studies as well as the feasibility of employing a randomized blinded study design to measure clinical outcomes. With the advent of newer methods of lesioning (laser ablation, focused ultrasound), it is likely that stereotactic lesions will continue to play an important role in functional neurosurgery.
conclusions
The available clinical evidence supports the efficacy of both cingulotomy and capsulotomy in treating severe, refractory OCD, as well as comorbid depressive and anxiety symptoms. Current evidence is insufficient to directly compare cingulotomy and capsulotomy, and recommendations on when to choose one procedure over the other cannot be made. Active AE surveillance is necessary to compare negative outcomes between the 2 interventions. Future controlled comparative studies are necessary to accurately compare responses to cingulotomy and capsulotomy and may shed light on subtle differences in patient response that can be used to provide individualized treatment recommendations.
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